PD-1 blockade augments humoral immunity through ICOS-mediated CD4+ T cell instruction.
Successful applications of PD-1/PD-L1 blockade in multiple cancers highlight the efficacy of immunotherapy mediated by enhancing CD8+ T cell immunity both in mouse and human. How PD-1 blockade affects humoral immunity remains unclear. Herein we demonstrated that treatment of anti-PD-1 antibody led to the increase in both total IgG and OVA-specific IgG in OVA-immunized mice. However, no effect was observed on Ab affinity maturation. Accumulation of germinal center (GC) and memory B cells was observed in the spleens together with elevated percentages of plasma cells in the spleens and bone marrow. More interestingly, dramatic infiltration of CD4+ T cells was apparent in GCs after PD-1 blockade with a significant increase in the expression of ICOS. When CD4+ T cells and B cells from OVA-immunized mice were co-cultured with neutralizing anti-PD-1 Ab in vitro, PD-1 blockade recapitulated the up-regulation of ICOS expression on CD4+ T cells with the activation of ERK signaling. Suppression of ERK activation not only reduced ICOS expression on CD4+ T cells but also attenuated IgG production upon PD-1 blockade. Taken together, PD-1 blockade enhances humoral immunity. This process partially relies on more accumulation of CD4+ T cells in GCs with the up-regulation of ICOS expression and the promotion of B cell terminal differentiation. The regulatory pattern of PD-1 blockade illustrated here provides a new mechanism of how immune checkpoint molecules regulating humoral immune responses.